During the early step of the lytic cycle, visna provirus is first transcribed into two small multispliced mRNAs of 1.6 and 1.2 kilobases which may encode factors regulating the replication of visna virus (R. Vigne, V. Barban, G. Querat, V. Mazarin, I. Gourdou, and N. Sauze, Virology 161:218-227, 1987). By cDNA cloning and nucleotide sequencing, we determined that the 1.2-kilobase mRNA is 1,174 nucleotides long without the 3'-polyadenylated tail and is composed of four exons, two of which originated from the 5' and 3' ends, respectively, of the env gene region. Two overlapping open reading frames are present in each of these two exons. They were translated in vitro and gave rise to three proteins, two of 19 and 17 kilodaltons, termed VEP1, and one of 16.5 kilodaltons, termed STM. Only the VEP1 proteins were recognized by a hyperimmune anti-visna virus serum of infected sheep. Transient-expression assays performed in eucaryotic cells demonstrated that the cDNA clone described here has a trans-acting effect on transcription of the visna virus genes.
During the early step of the lytic cycle, visna provirus is first transcribed into two small multispliced mRNAs of 1.6 and 1.2 kilobases which may encode factors regulating the replication of visna virus (R. Vigne, V. Barban, G. Querat, V. Mazarin, I. Gourdou, and N. Sauze, Virology 161: [218] [219] [220] [221] [222] [223] [224] [225] [226] [227] 1987) . By cDNA cloning and nucleotide sequencing, we determined that the 1.2-kilobase mRNA is 1,174 nucleotides long without the 3'-polyadenylated tail and is composed of four exons, two of which originated from the 5' and 3' ends, respectively, of the env gene region. Two overlapping open reading frames are present in each of these two exons. They were translated in vitro and gave rise to three proteins, two of 19 and 17 kilodaltons, termed VEP1, and one of 16.5 kilodaltons, termed STM. Only the VEP1 proteins were recognized by a hyperimmune anti-visna virus serum of infected sheep. Transient-expression assays performed in eucaryotic cells demonstrated that the cDNA clone described here has a trans-acting effect on transcription of the visna virus genes.
Visna virus, one of the earliest isolates of animal lentiviruses, was discovered in sheep affected by degenerative progressive encephalitis and pneumonia (18) . Although its pathogenesis has been well studied in the last decades (8) , the biological importance of visna virus has recently been emphasized by demonstration of the close relatedness of visna virus to human immunodeficiency virus, the causative agent of acquired immunodeficiency syndrome (7) . Like the other retrovirus genomes, the visna virus genome contains three open reading frames (ORFs), gag, pol, and env, which encode capsid proteins, reverse transcriptase, and envelope protein(s), respectively. The visna virus genome contains at least two other ORFs, previously designated orfQ and orfS, which are probably implicated in the regulation of viral expression (20) . Interestingly, we have recently obtained evidence of regulation of visna virus gene transcription in infected ovine cells, with the observation of preferential early expression of two small multispliced mRNAs of 1.6 and 1.2 kilobases (kb) at 24 h postinfection (p.i.) and subsequent expression of small and large mRNAs at 72 h p.i. (21) . The large transcripts are the genomic RNA of 9.4 kb, which is translated into the structural gag and pol products, and three singly spliced mRNAs of 4.8, 4.3, and 3.7 kb, which are probably translated into the env products and the putative orfQ product (5, 21) . The small multispliced 1.6-and 1.2-kb mRNAs may be translated into products that regulate the accumulation of the late viral products, as recently observed for the tat and art-trs proteins of human immunodeficiency virus (4) . To determine the exact genetic content of the early transcripts and their functions in the virus cell cycle, we cloned, sequenced, and expressed in vitro the cDNA corresponding to the 1.2-kb mRNA. The structure and role of the first lentivirus early gene, VEGI, are proposed.
American ovine fetal trachea cells infected for 24 h with visna virus strain K1514 were the source of mRNA (21) . Cytoplasmic polyadenylated RNA was isolated by oligo(dT)-cellulose column chromatography, and small mRNAs of 1 to * Corresponding author. 2 kb were purified by centrifugation in a 5 to 20% sucrose gradient. Double-stranded cDNA was synthesized with the Amersham kit according to the instructions of the manufacturer, ligated to EcoRI linkers, and cloned into the EcoRI sites of bacteriophage lambda gtlO DNA (12) . After DNA packaging, the recombinant plaques were screened by in situ hybridization with U5-leader and U3 probes. The selected cDNAs were recloned into an M13-like phage (Phagescript; Stratagene), sequentially deleted by exonuclease III and mung bean nuclease, and then sequenced by the termination chain method of Sanger et al. (17) .
The selected cDNA (termed 16.1 cDNA) was 783 nucleotides long (Fig. 1A) . In comparison with the genetic structure expected for small transcripts (21), the 16.1 cDNA clone lacked 27 nucleotides at its 5' end and 364 nucleotides at its 3' end. Computer-generated nucleotide sequence analysis of the R region revealed many secondary structures that might interfere during cDNA synthesis by blocking the reverse transcriptase reaction. Truncation of the 364 nucleotides suggested that thq reverse transcriptase reaction was primed at the A-rich stretch upstream of PPT2 instead of at the 3' poly(A) tail. This hypothesis was strengthened by the presence of a G-to-A base substitution, which took place at position 807 of the 16.1. cDNA clone sequence. Therefore, the complete cDNA should be 1,174 nucleotides long and should correspond to a polyadenylated mRNA of 1,374 nucleotides.
To investigate the nature of the 16.1 cDNA, we reconstructed its defective 3' end with a HindIII-SstI fragment of the visna provirus lambda vis 109 clone (20) . The resulting sequence, named 1.4 cDNA, spans the theoretical sequence described in Fig. 1A it was not detected with the probes that were specific to the other viral mRNAs (data not shown). These results suggest that the cloned 16.1 cDNA corresponds to the smallest early mRNA, herein termed 1.4-kb (its exact length) mRNA.
The genetic organization of this transcript is presented in Fig. 1C (Fig. 1C) . Computer-generated sequence analysis revealed that exons 3 and 4 produce two alternate ORFs. The longest ORF, initiated in exon 3 at the ATG1 codon (position 5956), could encode a 167-amino-acid protein. Since ATG1 is also the putative env protein initiator, this product will contain 48 amino acids also found in the env protein precursor, the remaining 119 amino acids being translated from exon 4 into an alternative reading frame. Another ATG codon (ATG2), located at position 6001 in the ORF defined by ATG1, can initiate a 152-amino-acid protein in which the 15 N-terminal residues from the first ATG are missing. The 1.4-kb mRNA product, initiated at the ATG1 (or ATG2) codon, is a new protein that we have named visna early protein 1 (VEP1).
The deduced amino acid sequence and corresponding hydropathic profile of VEP1 are shown in Fig. 2A . VEP1 does not exhibit distinctive hydrophobic regions, but interestingly, the domain encoded by exon 3 contains a stretch of basic amino acids (positions 73 to 92) reminiscent of a cluster of lysine-arginine residues observed in the art-trs product of human immunodeficiency virus (19) and in the hinge domain of nucleic acid-binding proteins such as glucocorticoid and estrogen receptors (1) . The 1.4-kb mRNA exon 3 shows another ATG codon, termed ATG3, which is located at position 6068. This codon presents a typical codon start site (13) and defines another ORF, which can encode a 135-amino-acid protein (Fig. 1C) . This putative protein, which we termed short transmembrane protein (STM), is encoded mainly by exon 4, which in fact corresponded to the last 125 amino acids of the C-terminal region of the envelope transmembrane protein.
To characterize the proteins encoded by the 1. 3. Although multiple bands are visible, our attention was focused on the three largest translated polypeptides, which had apparent molecular sizes of 19, 17, and 16.5 kilodaltons (kDa). The first two molecular sizes corresponded to the molecular sizes calculated for two proteins related to VEP1 initiated at ATG1 and ATG2, respectively; the third corresponded to a protein related to STM that was initiated at ATG3. We distinguished between VEPl-and STM-related polypeptides by the fact that STM could be distinctly labeled with [35S]cysteine. Cysteine was specifically incorporated into the 16.5-kDa polypeptide (Fig. 3A, lane 4) , which suggested its relatedness to STM. In contrast, the two larger proteins (19 and 17 kDa), which were not labeled by [35S]cysteine, were probably related to VEP1. To demonstrate that these proteins were produced in vivo, the [35S]methionine-labeled products were tested for immune reactivity to a high-titer antiserum that was raised in sheep experimentally infected with visna virus. The VEPl-related 19-and 17-kDa proteins were specifically recognized by the anti-visna virus sheep serum but not by a nonimmune sheep serum (Fig. 3B, lanes 2 and 3) . It is noteworthy that the immune and nonimmune sera reacted similarly with the 16.5-kDa STM product. Moreover, this polypeptide reacted nonspecifically with Staphylococcus aureus Formalin-fixed bacteria (Fig. 3B, lane 4) . We therefore conclude that only VEP1 polypeptides were immunologically recognized by infected animals.
To demonstrate the functional properties of the 1.4 cDNA clone, we performed transient-expression assays in which a 1.4 cDNA-expressing vector (pKVEG1) was cotransfected with a plasmid (pVLTR) carrying the visna virus longterminal-repeat (LTR) sequences fused to the beta-globin gene. pKVEG1 was obtained by inserting the 1.4 cDNA into the unique EcoRI site of pKCR3 between the simian virus 40 early gene promoter and the splicing and polyadenylation sites of the beta-globin gene (Fig. 4A) (14) . pVEG1 could thus transiently express the 1.4 cDNA when introduced in COS-CV1 cells. Construction of pVLTR will be described elsewhere (I. Gourdou et al., manuscript in preparation). (107) were exposed to 2 pmol of pVLTR and to 0.5 or 2 pmol of the plasmid to be analyzed. Transfections were performed by the calcium phosphate precipitation procedure, and total cytoplasmic RNA was extracted 48 h posttransfection. mRNA was isolated on oligo(dT)-cellulose as follows: 2 ,ug was loaded in each well of a formaldehyde-agarose gel and analyzed by the Northern blot technique, using a 32P-labeled probe specific for the pVLTR beta-globin gene (exon 1). Lanes: 1, 2 pmol of pVLTR; 2 and 3, 2 pmol of pVLTR plus 0.5 and 2 pmol, respectively, of the control plasmid, pKCR3; 4 and 5, 2 pmol of pVLTR plus 0.5 and 2 pmol, respectively, of pKVEG1.
Briefly, it was obtained by subcloning the complete LTR sequences into the unique SmaI site of pMT4 (2), which is located upstream of a complete rabbit beta-globin gene. Thus, the LTR sequences promote the expression of the beta-globin gene when pVLTR is introduced in cells expressing the appropriate transcription factors. Cotransfection assays were performed in COS-CV1 cells (6) by the calcium phosphate precipitation procedure (22) . The cells were exposed to constant amounts of pVLTR and to various amounts of plasmid DNA to be analyzed and processed for mRNA analysis 48 h after the transfection experiment. The LTR-directed transcripts were visualized after Northern blot analysis by hybridization with a probe specific for the pVLTR beta-globin gene (Fig. 4B) . Comparisons of the results obtained when pVLTR was transfected alone (lane 1) with results obtained when pVLTR was cotransfected with 0.5 or 2 pmol of the control plasmid pKCR3 (lanes 2 or 3, respectively) indicated that the steady-state level of betaglobin mRNA remained constant. In contrast, the steady-NOTES state level of the beta-globin mRNA increased in the presence of increased amounts of pKVEG1, indicating that the transcription reaction directed by the LTR sequences was enhanced by the pKVEGI products. This effect was measured by scanning the X-ray film. The results obtained for the experiment described above showed that the LTRdirected transcription was enhanced 8.7-fold when the assay was performed with 2 pmol of pKVEG1. Other experiments performed under the same conditions resulted in higher enhancement values (up to 30-fold); this variability probably reflected differences in cell culture conditions. Nevertheless, all of the experiments we performed led to the same important conclusion: the 1.4 cDNA clone was biologically active and encoded products which, directly or indirectly, transactivated the visna virus LTR sequences.
We have described here the structure and function of an early-expressed visna virus gene, which we have named VEGI. The corresponding 1.4-kb transcript, previously termed 1.2-kb mRNA (21) , is the smallest transcript and, with a second small mRNA of 1.6 kb, represents the two early transcripts present in cells at 24 h p.i. The largest transcripts (9.4, 4.8, 4.3, and 3.7 kb) were detected as major transcripts later in the lytic cycle, between 48 and 72 h p.i. By cDNA cloning and nucleotide sequencing, we determined that the 1.4-kb mRNA is 1,174 nucleotides long without the 3'-polyadenylated tail and is composed of four exons. Exon 1 (R-U5-leader) and exon 2 (3' end of the pol gene) are noncoding, but the last two exons (exons 3 and 4) encode with the three ATGs present in exon 3.
It was of particular interest to observe that, as is the case for human immunodeficiency virus transcripts (15) , the short noncoding exon of the 3' end of pol (exon 2) was acquired by the visna virus 1.4-kb mRNA. Moreover, in both virus infection systems, this exon may be absent (I. Gourdou, personal communication) and may only slightly affect the biological activity of the short transcripts (16) . The 1.4 cDNA could be translated in rabbit reticulocyte lysates in three proteins: VEP1 (19 and 17 kDa) and STM (16.5 kDa). VEP1 consists of two parts. The first part, encoded from the central region of the genome, corresponds to an amino acid sequence that precedes the signal peptide of the env protein precursor (20) . The second part, encoded from the 3' region of the genome, corresponds to a new short ORF, distinct from the env ORF.
These VEP1 products were recognized by an anti-visna virus sheep serum, suggesting that the ORF encoding these products is expressed in vivo. The nature of the 16.5-kDa STM product, which corresponds to the putative intracellular domain of the transmembrane glycoprotein, is less clearcut. First, although this protein is a structural part of the envelope protein, we observed no immune reactivity with the anti-visna virus sheep serum. In contrast, we observed nonspecific binding of this protein to protein A-bearing bacteria as well as to Fab and Fc regions of normal immunoglobulins (data not shown). The nonimmunological sticky properties of STM may be explained by its high content of hydrophobic tryptophan residues in the C-terminal region. Second, whereas the ORF coding for VEP1 has been observed in all of the proviral clones of visna virus presently sequenced (3, 20) , the ATG that initiated STM (ATG3) was not found in these previous clones. Nevertheless, it is interesting that this STM product corresponded structurally to the putative X transmembrane product of simian immunodeficiency virus clones, which might be encoded by a single multispliced mRNA that also encodes tat and art-trs products (11).
We showed in previous studies that the 1.4-kb mRNA was an early transcript in the visna virus lytic cycle (22 
